SQL 



• The name is an acronym for Structured Query Language 

• Far richer than a query language: both a DML and a DDL 

• History: 

- First proposal: SEQUEL (IBM Research, 1974) 

- First implementation in SQL/DS (IBM, 1981) 

• Standardization crucial for its diffusion 

- Since 1983, standard de facto 

- First standard, 1986, revised in 1989 (SQL-89) 

- Second standard, 1992 (SQL-2 or SQL-92) 

- Third standard, 1999 (SQL-3 or SQL-99) 

• Most relational systems support the base functionality of the 
standard and offer proprietary extensions 
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Using SQL to Query Your Database 



• Structured query language (SQL) is: 

- Efficient, easy to learn, and use. 

- Functionally complete (With SQL, you can define, retrieve, 
and manipulate data in the tables.) 



SELECT department_name 
FROM departments; 
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DEPARTMENT_NAME 



Administration 

Marketing 

Shipping 

IT 

Sales 
Executive 
Accounting 
Contrac 
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Domains 



• Domains specify the content of attributes 

• Two categories 

- Elementary (predefined by the standard) 

- User-defined 
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Elementary Domains 1 



• Character 

- Single characters or strings 

- Strings may be of variable length 

- A Character set different from the default one can be used 
(e.g., Latin, Greek, Cyrillic, etc.) 

- Syntax: 

CHARACTER[varying] [(Length)] [CHARACTER SET 
CharSetName] 

- It is possible to use char and varchar2, respectively for 

character and character varying 
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Elementary Domains 2 



• Bit 

- Single boolean values or strings of boolean values (may be variable 
in length) 

- Syntax: 

BIT [ varying ] [ (Length) ] 

• Exact numeric domains 

- Exact values, integer or with a fractional part 

- Four alternatives: 

NUMERIC [ ( Precision [, Scale ] ) ] or NUMBER 
DECIMAL [ ( Precision [, Scale ] ) ] 

INTEGER 

SMALLINT 

Example: 

Numeric(4) -> 9999 
Numeric(6.3) -> 999.999 
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Elementary Domains 3 



• Approximate numeric domains 

- Approximate real values 

- Based on a floating point representation 

FLOAT [ ( Precision ) ] 
DOUBLE precision 
REAL 



Database Systems (P. Atzeni, S. Ceri, S. Paraboschi and R. Torlone) 
Chapter 4 : SQL 



8 




Elementary Domains 4 



• Temporal instants 

DATE - year month day 

TIME [ ( Precision) ] [ with time zone ] — from hours to 
seconds 

TIMESTAMP [ ( Precision) ] [ with time zone ] - from year 
to seconds 

• Temporal intervals 

INTERVAL FirstUnitOfTime [ TO LastUnitOfTime ] 

- Units of time are divided into two groups: 

year, month 

day, hour, minute, second 
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User-defined Domains 



• Comparable to the definition of variable types in programming 
languages 

• A domain is characterized by 

- name 

- elementary domain 

- default value 

- set of constraints 

• Syntax: 

CREATE DOMAIN DomainName AS ElementaryDomain [ 
Default Value ] [ Constraints ] 

• Example: 

CREATE DOMAIN Mark AS SMALLINT DEFAULT NULL 
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Schema Definition 



• A schema is a collection of objects: 

- domains, tables, indexes, assertions, views, privileges 

• A schema has a name and an owner (the authorization) 

• Syntax: 

CREATE SCHEMA [SchemaName] 

[ [ authorization ] Authorization] 

{ SchemaElementDefinition } 
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Table Definition 



• An SQL table consists of 

- an ordered set of attributes 

- a (possibly empty) set of constraints 

• Statement create table 

- defines a relation schema, creating an empty instance 

• Syntax: 

CREATE TABLE [SchemaName.] TableName 

( 

AttributeName Domain [ DefaultValue ] [ Constraints ] 
{, AttributeName Domain [ DefaultValue ] [ Constraints ] 

} 

[ OtherConstraints ] 

) 
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Naming Rules 



• Table names and column names: 

- Must begin with a letter 

- Must be 1-30 characters long 

- Must contain only A-Z, a-z, 0-9, $, and # 

- Must not duplicate the name of another object owned by 
the same user 

- Must not be a keyword 
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CREATE Table: Example 



CREATE TABLE Employee 

( 

RegNo CHAR( 6) 



CHARACTER 



Surname CHAR(20) , 
Dept CHAR(15) 



) 
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DEFAULT Option 



- Specify a default value for a column during an insert. 



• Syntax: 

DEFAULT < GenericValue I user I null > 



- GenericValue represents a value compatible with the domain, in the 
form of a constant or an expression 
• user is the login name of the user who issues the command 



- Literal values, expressions, or SQL functions are legal values. 



- Another column’s name or a pseudocolumn are illegal values. 



CREATE TABLE hire_dates 

(id NUMBER (8), 

hire date DATE DEFAULT SYS DATE) ; 



!lTE TABLE succeeded. 

Database System? (|p. Atzem, 



S. Ceri, S. Paraboschi and R. Torlone) 



Chapter 4 : SQL 



15 





Creating Tables 



- Create the table: 

CREATE TABLE dept 

(deptno NUMBER (2) , 

dname VARCHAR2 (14), 

loc VARCHAR2 (13) , 

create_date BATE DEFAULT EYEUATEI) ; 

CREATE TABLE succeeded. I 



- Confirm table creation: 

DESCRIBE dept 



DESCRIBE dept 
Name 


Null Type 


DEPTNO 


NUMBER ( 2 ) 


DNAME 


VARCHAR2 (14) 


LOC 


VARCHAR2 (13) 


CREATE_DATE 


DATE 
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Including Constraints 



- Constraints enforce rules at the table level. 

- Constraints prevent the deletion of a table if there 
are dependencies. 

- The following constraint types are valid: 

• NOT NULL 

• UNIQUE 

• PRIMARY KEY 

• FOREIGN KEY 

• CHECK 
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Defining Constraints 



- Syntax: 

CREATE TABLE [schema .] table 

( column datatype [DEFAULT expr] 

[column_cons train t] , 

[ tablecons train t] 



- Column-level constraint syntax: 

column [CONSTRAINT cons train t_name] cons train £_ type , 



- Table-level constraint syntax: 



column, . . . 

[CONSTRAINT cons train t_name\ cons train t_ type 
( col umn f . . . ) , 

18 
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Defining Constraints 



- Example of a column-level constraint: 



CREATE TABLE employees ( 




employee id NUMBER (6) 




f CONSTRAINT emp emp ±$ pk PRIMARY KEY, 


^ first name VARCHAR2 (20) , 



- Example of a table-level constraint: 



CREATE TABLE employees ( 
employee_id NUMBER (6), 
first name VARCHAR2 (20 ) , 



j ob_id VARCHAR2 (10) 

CONSTRAINT emp emp icj . pk 



NOT NULL, 






PRIMARY KEY (EMPLOYEE ID) ) 
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not null Constraint 



Ensures that null values are not permitted for the column: 



| EMPLOYEE JD §) FIRST. 


NAME 1 LAST_NAME 


| EMAIL 


HIRE_DATE § JOBJD | 


COMMISSION_PCT 


1 00 Steven 


King 


SKING 


1 7-JUN-87 AD_PRES 


(null) 


101 Neena 


Kochhar 


NKOCHHAR 


21 -SEP-89 AD_VP 


(null) 


102 Lex 


De Haan 


LDEHAAN 


1 3-JAN-93 AD_VP 


(null) 


1 03 Alexander 


Hunold 


AHUNOLD 


03-JAN-90 IT_PROG 


(null) 


1 04 Bruce 


Ernst 


BERNST 


21 -MAY-91 IT_PROG 


(null) 


1 07 Diana 


Lorerrtz 


DLORENTZ 


07-FEB-99 IT_PROG 


(null) 


124 Kevin 


Mourgos 


KMOURGOS 


1 6-NOV-99 ST_MAN 


(null) 


141 Trenna 


Rajs 


TRAJS 


17-OCT-95 ST_CLERK 


(null) 


142 Curtis 


Davies 


CDAVIES 


29-JAN-97 ST_CLERK 


(null) 


1 43 Randall 


Matos 


RMATOS 


1 5-MAR-98 ST.CLERK 


(null) 


1 44 Peter 


Vargas 


PVARGAS 


09-JUL-98 ST_CLERK 


(null) 


149 Eleni 


Hotkey 


EZLOTKEY 


29-JAN-00 SA_MAN 


0.2 


174 Ellen 


Abel 


EABEL 


11 -MAY-96 SA_REP 


0.3 



not null constraint 
(Primary Key enforces 
not null constraint.) 



NOT NULL 

constraint 
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constraint (Any row can 
contain a null value for this 
column.) 
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unique Constraint 



EMPLOYEES j unique constraint 



I 


EMPLOYEE JD | LASTJvlAME 


| EMAIL 




1 00 King 


SKING 




101 Kochhar 


NKOCHHAR 




1 02 De Haan 


LDEHAAN 




103 Hunold 


AHUNOLD 




104 Ernst 


BERNST 




1 07 Lorentz 


DLORENTZ 



208 SMITH 



209 SMITH 




INSERT INTO 



JSMITH 



JSMITH 



Allowed 

Not allowed: 
already exists 
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unique Constraint 



• Defined at either the table level or the column level: 



REATE TABLE employees ( 


employee id 


NUMBER ( 6 ) , 


last name 


VARCHAR2 (25) NOT NULL, 


email 


VARCHAR2 (25) UNIQUE, 


salary 


NUMBER (8,2), 


commission pet 


NUMBER (2,2), 


hire date 


DATE NOT NULL, 
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unique Constraint 



• Each pair of FirstName and Surname uniquely identifies each 
element 

FirstName CHAR(20) NOT NULL, 

Surname CHAR (20) NOT NULL, 

UNIQUE(FirstName, Surname) 

• Note the difference with the following (Stronger) definition: 

FirstName CHAR (20) NOT NULL UNIQUE, 

Surname CHAR (20) NOT NULL UNIQUE, 
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primary key Constraint 



DEPARTMENTS J PRIMARY KEY 





DEPARTMENT JD | DEPARTMENT_NAME | 


| MANAGERJD | 


LOCATION JD 


1 


1 0 Administration 


200 


1700 


2 


20 Marketing 


201 


1800 


3 


50 Shipping 


124 


1500 


4 


60 IT 


103 


1400 


5 


80 Sales 


149 


2500 


6 


90 Executive 


100 


1700 


7 


1 1 0 Accounting 


205 


1700 


8 


1 90 Contracting 


(null) 


1700 



Not allowed 
(null value) 


j ^j^INSERT 


INTO 




i 


Public Accounting 


124 


2500 | 




* 50 Finance 


124 


1 500 1 



Not allowed | 

(50 already exists) 
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foreign key Constraint 



DEPARTMENTS 
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foreign key Constraint 



• Defined at either the table level or the column level: 



CREATE TABLE employees ( 



department_id NUMBER (4), 

FOREIGN KEY (department_id) 

REFERENCES departments (department_id) , 
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employee_id 

last_name 

email 

salary 

commissionjpct 
hire date 



NUMBER (8,2), 
NUMBER (2, 2) , 
DATE NOT NULL 



VARCHAR2 (25) NOT NULL, 
VARCHAR2 (25) UNI QUE , 



NUMBER (6) , 







FOREIGN KEY Constraint: Keywords 



- FOREIGN KEY: Defines the column in the child table at the 
table-constraint level 

- REFERENCES: Identifies the table and column in the parent 
table 

- ON DELETE CASCADE: Deletes the dependent rows in the 
child table when a row in the parent table is deleted 

- ON DELETE SET NULL: Converts dependent foreign key 
values to null 
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Reaction policies 



• Reactions operate on the internal table, after changes to the 
external table 

• Reactions: 

- cascade: propagate the change 

- set null: nullify the referring attribute 

- set default: assign the default value to the referring attribute 

- no action: forbid the change on the external table 

• Reactions may depend on the event; 

• syntax: 

ON < DELETE I UPDATE > 

< CASCADE I SET NULL I SET DEFAULT I NO ACTION 
> 
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CREATE Table: Example 



CREATE TABLE Employee 

( 

RegNo CHAR(6) PRIMARY KEY, 
FirstName CHAR(20) NOT NULL, 
Surname CHAR(20) NOT NULL, 

Dept CHAR(15) 

REFERENCES Department(DeptName) 
ON DELETE SET NULL I N j imfrip 

ON UPDATE CASCADE, 

Salary NUMBER(9) DEFAULT 0, 

City CHAR(15), 

UNIQUE(Surname, FirstName) 

) 
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check Constraint 



Defines a condition that each row must satisfy 



. salary NUMBER ( 2 ) CHECK (salary > 0), 
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CREATE TABLE: Example 



CREATE TABLE employees 



employee_id 
f irst_name 
last_name 
email 

phone_number 
hire_date 
j ob_id 
salary 

commission_pct 

manager_id 



PRIMARY KEY 



NOT 

NOT 



NULL 

NULL 



( employee id NUMBER (6) 

VARCHAR2 (20) 

VARCHAR2 (25) 

VARCHAR2 (25) 

VARCHAR2 (20) 

DATE 

VARCHAR2 (10) 

NUMBER (8,2) 

NUMBER (2, 2) 

NUMBER ( 6 ) REFERENCES 
employees (employee_id) 
department_id NUMBER (4) REFERENCES 
departments (department_id) ) ; 



UNIQUE 



NOT NULL 
NOT NULL 
CHECK ( salary>0 ) 
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alter table Statement 



• Use the ALTER TABLE statement to: 

Add a new column 

- Modify an existing column definition 

- Define a default value for the new column 

- Drop a column 
Rename a column 

- Change table to read-only status 
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ALTER & DROP 



• Two SQL statements: 

- alter (alter domain alter table ...) 

- drop 

DROP < SCHEMA I DOMAIN I TABLE I VIEW I 
ASSERTION > ComponentName [ restrict I cascade ] 

• Examples: 

- ALTER TABLE Department 

ADD COLUMN Noofoffices NUMBER(4); 

- DROP TABLE Temptable CASCADE; 
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Read-Only Tables 



• Use the ALTER TABLE syntax to put a table into the read-only 
mode: 

- Prevents DDL or DML changes during table maintenance 

- Change it back into read/write mode 



ALTER TABLE employees READ ONLY; 

-- perform table maintenance and then 
-- return table back to read/write mode 

ALTER TABLE employees READ WRITE; 
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Dropping a Table 



- Moves a table to the recycle bin 

- Removes the table and all its data entirely if the PURGE 
clause is specified 

- Invalidates dependent objects and removes object 
privileges on the table 



DROP TABLE dept80; 

TABLE dept80 succeeded. | 
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Quiz 



• Write a relational algebra and calculus expression for the 
following query: 

• Given: 

Student (ID, Name, Major, FacID) 

Faculty ( FacID, FacName, Phone) 



1. For each student, list the ID number, name, major, 
advisor’s ID number, and advisor’s name. 

2. List the name of Amira’s advisor. 



Then, Write an SOL statement to create the two tables 
assuming the sufficient constraints? 
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